tated by a mutant conformation-specific anti-p53 antibody in any of the five strains. In one of the five positive from restenotic lesions are resistant to inhibition of proliferation by heparin. We examined if altered expression strains there was concomitant human cytomegaloviral infection. No significant difference was found between of p53 protein might be related to this phenomenon. HVSMC were cultured from saphenous vein and p53 efficacy of heparin in the p53-positive and -negative strains. Furthermore heparin had no detectable effect on protein levels examined using immunocytochemistry, and by immunoprecipitation with antibodies specific for p53 protein levels. Although aberrant levels of p53 are detectable in a minority of HVSMC strains, these data wild-type or mutant conformations followed by SDS PAGE and immunoblotting. Inhibition of proliferation by do not support a role for altered p53 expression in resistance to the growth inhibitory effects of heparin in heparin was measured in 14-day growth assays. Elevated levels of p53 were found in five out of 41 HVSMC these cells. strains. The accumulated p53 protein was not precipi-
Introduction

Materials and methods
Vascular restenosis is characterised by migration of Materials and reagents smooth muscle cells into the intima, with subMonoclonal anti-p53 antibody, PAb1801 which sequent proliferation and matrix deposition recognises both the wild-type and mutant conforresulting in occlusion. Heparin has been shown to mations of p53 protein, 5 was donated by Dr X Lu inhibit proliferation of smooth muscle cells, though (Ludwig Institute, St Mary's Hospital, London, UK). the precise mechanism of action remains unclear Monoclonal anti-p53 antibody, PAb240, against a (reviewed in reference 1). Human smooth muscle mutant conformation of human p53, 6 and a polycells (HVSMC) cultured from restenotic lesions, as clonal, purified antibody against recombinant well as cells derived from morphologically normal human p53, CM1, were gifts of Professor DP Lane vessels of patients with restenosis, are resistant to (Department of Biochemistry, University of inhibition of proliferation by heparin.
2 A high Dundee). Monoclonal anti-CMV antibody (12E2) prevalence of elevated p53 protein levels has been against the CMV immediate early antigen, IE84, was reported in HVSMC cultured from atherectomy purchased from Vancouver Biotech Ltd, Vancouver, specimens of restenotic coronary arteries.
3 In the Canada. All antibody conjugates and strepavidinmajority of cases elevated levels of p53 were associahorseradish peroxidase were obtained from Dakoted with concurrent human cytomegalovirus (CMV) patts, Denmark. Unfractionated heparin (average infection and it was proposed that interaction of the Mrෂ15kDa) was donated by by SDS polyacrylamide gel electrophoresis (SDS-PAGE) on a 10% gel using a Bio-Rad Mini Protean −20°C) for 10 min. After blocking with phosphate buffered saline containing 1% bovine serum albu-II electrophoresis apparatus and transferred onto nitrocellulose membrane using the Bio-Rad Mini min (PBS/BSA), the cells were incubated overnight at 4°C with undiluted monoclonal antibody superTrans-blot module. Prestained molecular mass markers were run in parallel. The blots were blocked in natant, PAb1801(IgG 1 ). Cells were washed in PBS containing 0.2% Tween 20 (Tween-PBS), and incu-10% dried skimmed milk in PBS for 2 h and probed with rabbit anti-p53 antibody, CM-1. Following bated with 10 g/ml biotinylated rabbit anti-mouse antibody in PBS/BSA at room temperature for 1 h washing with Tween-PBS, the blot was incubated in horseradish peroxidase-conjugated swine anti-rabbit prior to incubation with streptavidin-horseradish peroxidase; 3′,3-diaminobenzidine in 0.03% nickel antiserum (3 g/ml in PBS/BSA) at room temperature for 1 h. After further washes the adsorbed persulphate was used as chromogen and coverslips were mounted in glycerol. Negative controls oxidase activity was visualised with 3′,3-diaminobenzidine in 0.03% nickel sulphate and gels were involved omitting the primary antibody and using an irrelevant monoclonal antibody supernatant quantified by densitometry. (IgG 1 ). An established human breast carcinoma cell line (T47D) which expresses high levels of mutant Inhibition of proliferation by heparin in a 14-day p53, 7 was used as positive control. A strain was growth assay defined as p53-positive if Ͼ10% cells stained positively with PAb1801. In some studies cells attached Growth assays were performed as described previously. 2 Briefly, HVSMC were trypsinized and to coverslips were exposed to a pulse of UV-B light (25-50 J/m 2 ) in a UV crosslinker (Spectrolinker, seeded in 24-well tissue culture plates at a density of 10 4 cells/well in DMEM containing 15% FCS. After Spectronics Corporation, Westbury, NY, USA). Fresh medium was added after irradiation and cells allowing cells to attach overnight at 37°C, cell growth was arrested by incubating cells in medium were incubated for 18 h at 37°C prior to immunocytochemistry.
containing 0.4% FCS for 72 h. Proliferation was then initiated with DMEM containing 15% FCS in the The CMV antigen, IE84, was detected by indirect immunofluorescence using monoclonal antibody presence or absence of 100 g/ml heparin and medium was replenished on days 3, 7 and 10. Tripli-12E2 (ascites fluid; IgG1), diluted 1:200 in PBS/BSA), then 12E2 was added to the cells (which cate wells were harvested by trypsinization on days 0 and 14 of the assay and counted in an electronic had been fixed and blocked as described above) for 1 h at room temperature. After washing with Tweenparticle counter (Coulter, Luton, UK) and percentage inhibition of proliferation by heparin calculated. PBS, fluorescein-conjugated rabbit anti-mouse secondary antibody (diluted at 1:40 in PBS/BSA) was Data are medians (range) of (n) observations and comparisons were made using a Mann Whitney Uadded for 1 h at room temperature. An irrelevant mouse monoclonal antibody (IgG 1 ) was used as test; P Ͻ 0.05 was considered significant. negative control. After washing in PBS/BSA, coverslips were mounted in fluorescence preserving Results mountant (Vector laboratories, UK) and examined using a Zeiss Axiovert fluorescence microscope.
Elevated levels of p53 protein were found in five out of 41 HVSMC strains using PAb1801 (Figure 1 ). The proportion of p53 positive cells in the five positive Immunoprecipitation, SDS-PAGE and strains ranged from ෂ15-80%. Both the intensity of immunoblotting staining and the proportion of positive cells in the positive strains could be increased by administering One to two × 10 6 randomly cycling cells were lysed in 150 mM NaCl, 50 mM Tris, 5 mM EDTA, 1% a pulse of UV-B (25-50 J/m 2 ) before staining. In the 36 negative cell strains p53 levels were undetectable NP40, 1 mM phenylmethylsulfonyl fluoride pH 8.0 for 30 min on ice. Lysate was centrifuged at 10 000 g even after UV-B irradiation. Energies of UV-B greater than 50 J/m 2 resulted in the death of the vast at 4°C for 10 min to remove debris. Total protein concentration of the lysate was determined spectromajority of cells in both p53 positive and negative strains and were not studied. In the positive control, photometrically and adjusted to 500 g/ml in each sample. Aliquots (300 l) were preadsorbed with T47D cells, there was intense nuclear staining typi- cally sparing the nucleolus. Staining was absent in Discussion mitotic cells. Immunoprecipitation studies indicated that levels of wild-type p53 protein in the five The nuclear phosphoprotein, p53, negatively regulates the mammalian cell cycle and has also been p53 positive strains were 8[3-16]% levels in T47D cells. But in contrast to T47D cells PAb240, which implicated in apoptosis. [8] [9] [10] The half-life of normal p53 protein is very short (Ͻ20 min) so that it is norrecognises a conformational epitope of mutant p53, failed to immunoprecipitate p53 in any of the p53-mally undetectable imunocytochemically. Mutant forms of p53 which occur frequently in neoplasia, 11 positive cell strains. There was evidence of concomitant CMV infection in only one HVSMC strain have a prolonged half-life and lack the growth inhibitory properties of wild-type p53. Binding of out of 41. The CMV immediate-early antigen, IE84, was expressed in almost every cell in this positive p53 to transforming proteins of several DNA tumour viruses leads to its stabilisation and inactivation in strain (Figure 1d ) which also expressed the highest levels of p53 protein (ie, ෂ80% of cells were p53 a manner which mimics the effects of mutation.
5
Elevated levels of normal p53 have also been dempositive).
There was no significant difference in inhibition onstrated in certain non-virally transformed cells, 12 and in cells exposed to DNA damaging agents, of proliferation induced by heparin (100 g/ml) in a 14-day growth assay between p53-positive andincluding ultraviolet radiation.
13
This study provides novel information regarding negative strains (p53-positive = 62 [35-76]% inhibition (n = 5); p53-negative = 42 [32-87]% inhibition p53 expression in HVSMC. There were elevated p53 levels in five out of 41 cell strains (12%) derived (n = 36)). In both p53-positive and -negative strains, heparin (100 g/ml for 72 h) produced no detectable from macroscopically normal saphenous vein. Elevated levels of p53 have previously been reported in upregulation of p53 protein levels, either in terms of an increase in the intensity of staining with some cells derived from restenotic material, 3, 14 though not that derived from primary or carotid Pab1801 or an increase in the proportion of positive cells (n = 5 in both cases). restenotic material. The role of p53 in the response of HVSMC to DNA 12 Lu X, Park SH, Thompson TC, Lane DP. Ras-induced damaging agents requires further study.
hyperplasia occurs with mutation of p53, but activated
In conclusion, although elevated p53 levels are ras and myc together can induce carcinoma without
